Objectives: As demonstrated by many studies, emergency department (ED) visits for asthma can be associated with air pollution exposures. The aim of this study was to examine and assess the potential relations between ED visits for asthma and the concentrations of ambient air pollutants. Materials and Methods: Generalized linear mixed model was applied to study 62,563 ED visits for asthma (ICD-9: 493) in Edmonton, Canada. Two age groups, with 10 years of age as a separator, were considered by gender and season of the year: all (I-XII), warm (IV-IX) and cold (X-III). Results: The percentage increase in daily ED visits for asthma was 17.8% (95% CI: 7.1-29.5) and 13.8% (95% CI: 3.3-25.3) for females below 10 years of age, in the period of IV-IX, for current day and 1-day lagged exposure to ozone (O 3 ), respectively. The percentage increase was 19.2% (95% CI: 11.4-27.6) for males below 10 years of age, in the period of IV-IX, for 2-day lagged exposure to nitrogen dioxide (NO 2 ). Conclusions: The fi ndings provide support for the hypothesis that ED visits for asthma are associated with exposure to O 3 . This study underlines the signifi cant role of air pollutants as triggering asthma attacks.
INTRODUCTION
Asthma is one of the most prevalent chronic diseases affecting Canadians. It can be fi rst diagnosed at any age, but it often starts in the childhood. At its worst, asthma can be fatal. The symptoms of asthma include recurrent attacks of breathlessness, generally accompanied by wheezing, chest tightness and/or cough. The exact cause of asthma is not known. Asthma exacerbations may be triggered by a number of atmospheric and domiciliary environmental factors as well as those encountered in schools and workplaces. Although numerous studies have shown that outdoor air pollution exacerbates asthma, the effect of this pollution on the development of asthma has been less clear. According to the 1996-97 National Population Health Survey, over 2.2 million Canadians were diagnosed with asthma (12.2% of children and 6.3% of adults). An estimated 10% of children and 5% of adults have active asthma. There has been an increase in the prevalence of asthma among children over the last 15 years [1, 2] .
In this paper, we report on emergency department (ED) visits for asthma. The number of these visits depends on many factors. In general, we assume that ED visits for asthma are associated with the concentration of ambient air pollutants. There are many studies investigating the association between air pollution level and asthma [3] [4] [5] [6] . In one of the most recent publications, the authors demonstrated that an interquartile range (IQR) increase in ozone level was associated with a 5% (95% CI: 1.0-10.0) increase in asthma-related ED visits in Portland, Maine, USA [7] .
were used: temperature (dry bulb) and relative humidity. The daily mean as an average of hourly readings (an average of 24 measurements) was applied to represent the values of these weather parameters. In the fi nal models, the weather variables were used as confounders. The data on ambient air pollution were also supplied by Environment Canada. We considered four gases: carbon monoxide (CO), nitrogen dioxide (NO 2 ) sulphur dioxide (SO 2 ) and ozone (O 3 ), and two particulate matters with a median aerodynamic diameter of less than 2.5 μm (PM 2.5 ) and 10 μm (PM 10 ), respectively. Daily mean values of the pollutant levels, as an average of hourly readings (24 values), were used to represent the shared exposure of the population in the study. The current-day, 1-day, and 2-day lagged exposures were used in separate models.
Statistical analysis
To estimate the short-term effects of air pollution on the number of daily asthma ED visits, we applied the GLMM methodology [12, 13] . At fi rst we defi ned the clusters for the available data. The records of the data were clustered by the days of the week within one month of the same year. The data were grouped and analyzed according to the defi ned clusters. The clusters follow a hierarchical structure and dependency of days in a calendar-time relation and represent embedded multilevel relations: days are nested in week days, week days are nested in months, and months are nested in years. With this convention, visit days were grouped according to the specifi ed triplet {year, month, day of the week}, which expressed the hierarchical structure. Such an approach allowed us to unify the week day effects on the number of ED visits and to adjust for the day of the week periodicity. The cluster structure absorbs seasonal cycles and trends in a time-series of visits. We applied Poisson models, which are typically used for counts. Random intercept Poisson regression was applied to respect the cluster's hierarchical structures. Random effects were introduced to express dependency and unobserved heterogeneity. We assumed that each cluster might have its own value of the intercept. The levels of responses on clusters were due to different factors. We built the models with the number of asthma-related visits
The time-series and the case-crossover designs are two of the most common statistical techniques applied to evaluate the association between health outcomes over time and exposure to ambient air pollution [8] [9] [10] . Both methods require some decisions to be made by the researcher in the course of the analysis. In the time-series design, it is necessary to determine the degree of freedom for the natural cubic splines used as the smoothing functions. As for the case-crossover design, appropriate strategies for control selection need to be defi ned. In this study, we applied the generalized linear mixed models (GLMM) technique. The methodology used is based on hierarchical clusters. The clusters were determined by the date components: days of the week, months and years. These components were incorporated in the models as a hierarchical structure. The current-day, 1-day, and 2-day lagged exposure values of the pollutant, temperature (dry bulb), and relative humidity were used in the statistical models. The models were separately constructed by gender (all, male, female) and seasons of the year (all, warm, cold).
MATERIALS AND METHODS

Study population
The data for ED visits for asthma in Edmonton, Canada, were identifi ed based on a discharge diagnosis of asthma using the International Classifi cation for Diseases, 9th revision (ICD-9), rubric 493 [11] . Capital Health is an academic-based health system and one of the largest integrated health regions in Canada; it provides complete health services to one million residents. Capital Health of all the fi ve hospitals in Edmonton provided data on ED visits between April 1, 1992 and March 31, 2002. In total, the analysis was based on 62,563 ED visits for asthma over a span of 3,652 days. This represents approximately 2.1% of all the 2,946,714 recorded ED visits to these hospitals over the study period.
Environmental data
Environment Canada supplied data for selected weather variables that were recorded and made available hourly. In the present study, only two meteorological variables (SD = 6.2), with the min. = 2, and max. = 55 of the recorded visits for asthma. In this study, the analysis was conducted separately for two age groups listed in two bottom lines of the table. For the patients < 10 years of age, the percentage of total visits was 5.5% in January and 12.7% in September. The percentage of visits recorded on Sundays was 18.4% and on Thursdays 12.2%. For the patients ≥ 10 years of age, the percentage of total visits was 7.1% in February and 10.2% in September. For this age group, 16.9% of visits took place on Sundays and 12.6% on Fridays. Table 3 displays the percentage changes in ED visits for asthma and 95% confi dence intervals (95% CI) across an IQR of exposure to the pollutant as analyzed for all months (I-XII), and for the periods from April to September (IV-IX), and from October to March (X-III), respectively. The table presents only the results for which the p-value for the calculated slope related to the pollutant was not higher than 0.1. We found statistically signifi cant positive associations between ED visits for asthma and exposure to ambient air pollutants. Excess risk (%RR) of the relative risk (RR) for the pollutants is reported over IQR after adjusting for temperature and relative humidity. The table presents all numerical values. For carbon monoxide, nitrogen dioxide, and PM 10 , the associations were statistically signifi cant for 2-day lagged exposure and as a response. The pollutant and two weather parameters, temperature and relative humidity as confounders, were used as independent variables in the constructed models. All the variables, when used in the models, were lagged by the same number of days (0, 1 or 2). The analysis was performed using the R statistical package with the glmmPQL function [14] which implements the algorithm related to the GLMM methodology.
RESULTS
The results are presented in the form of three tables and two fi gures. Table 1 presents the summarized statistics of daily average concentrations of the considered air pollutants and weather factors. It specifi es the numbers of days in the study period for which data were available. The table also contains the IQR values (75th-25th percentile pollutant values) for which the relative risk was calculated. Table 2 contains the number of asthma-related ED visits in Edmonton by age and sex. Of the total ED visits for asthma (N = 62,563), 50.6% (n = 31,613) referred to female patients. Three quarters (75.6%) of the cases were the patients below 40 years of age. The percentage of total visits by month was 7.1% in July, and 10.9% in September. The percentage of total visits by the day of the week varied from 12.7% on Fridays (12.8% on Thursdays) to 17.3% on Sundays. An average number of visits was 17.1 per day, Relative humidity (%) 3,652 66.0 13.6 66.1 18.5 shown. Figure 1 represents the results for the age group < 10 years and Figure 2 for the age group ≥ 10 years. Table 3 reports only the statistically signifi cant positive results from both the fi gures.
DISCUSSION AND CONCLUSIONS
In this study, the short-term effects of the concentrations of ambient air pollutants on ED visits for asthma in Edmonton were found to be statistically signifi cant. The highest percentage increase in the number of visits was 17.8% for ozone exposure in the period from April to September (IV-IX) for females < 10 years of age. As for the male patients, in the same age group and season, the exposure to nitrogen dioxide was associated with a 19.2% increase in the number of asthma-related ED visits. We must admit that the obtained results do not precisely represent the relationship between asthma attacks and environmental conditions. Rather, they show the potential association of emergency department visits for asthma with the concentration levels of ambient air pollutants. Therefore, they cover the cases of asthma which make the sufferer seek emergency treatment. In this context, it is also important to say that most asthma attacks do not require an ED visit. Children are more vulnerable than adults to the adverse effects of air pollution. Eighty percent of alveoli are formed postnatally, and changes in the lung continue through adolescence [15] . In the early postneonatal period, the developing lung is highly susceptible to damage after exposure to environmental pollutants [15, 16] . Children have higher levels of exposure to many air pollutants than adults mainly because they spend more time outdoors and have a higher physical activity [17] . The limitations of this study are those typical of this type of research. They include the impact of measurement errors on the analyzed factors (exposures) and recorded (diagnosed) ED visits for asthma. Also the adequacy of the covariates used in the models is important. The models applied in this study were based on the triplet {year, month, day of the week}. This version of the method is called the Polish method [18] . This is the most convenient were stronger during the period of IV-IX. The current-day and 1-day lagged exposure to ozone was associated with ED visits for asthma for both the age groups. As revealed by the present study, the current-day exposure to PM 2.5 was associated with ED visits for asthma only for the patients ≥ 10 years of age. Gender ( f -female, m -male, blank -both sexes), periods (A{ll}: I-XII, S{ummer}: IV-IX, W{inter}: X-III).
Fig. 2.
Percentage changes in relative risk (%RR) by pollutant (lagged by none, 1, and 2 days), gender and season, in patients above 9 years of age.
